Objectives To quantify the risk of pneumococcal pneumonia (PP) and invasive pneumococcal disease (IPD) in adults aged ≥19 years with underlying medical conditions compared with healthy adults of the same age in Japan. Design An observational, retrospective, cohort study using two healthcare claims databases in Japan: Japan Medical Data Center (JMDC) and Medical Data Vision (MDV) databases. Participants A total of 10.4 million individuals, representing 9.3 million person-years of follow-up, were included in the analysis. Eleven medical conditions as well as PP and IPD were identified by the International Statistical Classification of Diseases and Related Health Problems version 10 diagnostic codes and/or local disease codes used in Japan. Primary outcome measures Adjusted rate ratios (RRs) for PP and IPD in adults with a medical condition versus adults without any medical condition were calculated using multivariate Poisson regression models with age and/or sex as covariates. results In the JMDC and MDV databases, respectively, adults ≥19 years with a medical condition (RRs for PP: 3.3 to 13.4, 1.7 to 5.2; RRs for IPD: 12.6 to 43.3, 4.4 to 7.1), adults with two or more medical conditions (PP: 11.6, 2.8; IPD: 18.7, 5.8) and high-risk adults (PP: 12.9, 1.8; IPD: 29.7, 4.0) were at greater risk of PP and IPD compared with their healthy counterparts. Adults aged 50-64 years with an underlying medical condition (PP rate: 38.6 to 212.1 per 100 000 person-years) had a higher rate of PP than those aged ≥65 years without any condition (PP rate: 13.2 to 93.0 per 100 000 person-years). Conclusions Adults of all ages with an underlying medical condition are at greater risk of PP and IPD compared with adults without any medical condition. This risk increases with the number of underlying medical conditions. Our results support extending pneumococcal vaccination to younger adults with an underlying medical condition, especially those aged 50-64 years.
IntrODuCtIOn
Pneumococcal disease, caused by encapsulated Streptococcus pneumoniae, is a major cause of community-acquired pneumonia, meningitis, septicaemia, osteomyelitis, septic arthritis and bacteraemia worldwide. Older adults and children, as well as immunosuppressed individuals, such as those with HIV, are susceptible to pneumococcal disease. 1 2 In addition, adults with certain chronic medical conditions, such as diabetes, chronic lung disease and chronic heart disease, are also at increased risk of pneumococcal disease. 3 4 These high-risk groups have been targeted for pneumococcal vaccination to reduce the burden of pneumococcal disease in many countries, including the USA, Canada, the UK and Germany. [5] [6] [7] [8] strengths and limitations of this study ► Given the well-known differences in the genetic makeup of the Japanese population, data specific to Japan are important to formulate a national immunisation strategy and to protect vulnerable populations. ► Our study results may contribute to further knowledge on the risk of pneumococcal disease in Japanese individuals aged ≥19 years with an underlying medical condition. ► As this study was a retrospective analysis based on insurance claims data, the coding of medical conditions and episodes of pneumococcal pneumonia and invasive pneumococcal disease by the International Statistical Classification of Diseases and Related Health Problems version 10 codes may lead to misclassification, and pneumococcal pneumonia may be undercoded. ► These analyses did not consider potential confounders other than age and sex, such as pneumococcal vaccination history and residential environment, which might significantly influence the risk of pneumococcal pneumonia and invasive pneumococcal disease. ► Results from only one database cannot be extrapolated to the general population of adults in Japan, and subjects in the two databases may be representative of different adult populations.
Open Access
The 23-valent pneumococcal polysaccharide vaccine (PPV23) was licensed in 1988 in Japan, and studies have revealed the protective effects of PPV23 against invasive pneumococcal disease (IPD) and pneumococcal pneumonia (PP). [9] [10] [11] [12] Since 2014, 13 the National Immunisation Programme in Japan has implemented the use of PPV23 for adults aged 60-64 years with underlying medical conditions, in addition to adults aged ≥65 years. Since 2007, 14 15 the Japanese Respiratory Society has advocated an expansion of the programme to individuals aged 2-64 years with chronic or immunosuppressive conditions. Several studies have been conducted in the USA and Germany to examine the burden of pneumococcal disease in persons with underlying medical conditions. 16 17 A retrospective analysis of three healthcare claims repositories in the USA showed that PP and IPD rates were approximately three times higher in immunocompetent adults with one or more chronic conditions ('at-risk' adults) compared with age-matched healthy adults. Additionally, these rates were approximately 4-7 times and 4-10 times higher in adults who were immunocompromised or receiving immunosuppressive therapy ('high-risk' adults), respectively, compared with age-matched healthy adults. 4 A separate study using the same databases demonstrated that associated healthcare costs for IPD were approximately 3-4 times and 5-10 times higher in at-risk adults and high-risk adults, respectively, compared with age-matched healthy counterparts. 18 The risk of pneumococcal disease in individuals with underlying medical conditions is not well characterised in Japan. As differences in the genetic makeup of the Japanese population may lead to different risk patterns of pneumococcal disease compared with other countries, information specific to Japan is important for healthcare professionals to identify patients at increased risk of pneumococcal disease, and for policy makers to formulate a national immunisation strategy to protect vulnerable populations. Therefore, the objective of this study was to quantify the burden of pneumococcal disease in adults aged ≥19 years with an underlying medical condition in Japan.
MethODs

Data source
Two healthcare claims databases, the Japan Medical Data Center (JMDC) database and the Medical Data Vision Company (MDV) database, were used in our study. The JMDC database contains claims data from the Japanese union-managed health insurance system, comprising 10 insurance societies since 2005. The JMDC database includes workers (mostly aged <65 years) employed by mid-sized to large-sized companies and their dependents, and excludes individuals aged ≥75 years. It has records of >3 million individuals. 19 The MDV database contains health insurance claims, administrative data, and laboratory values stored in the electronic records of 16 secondary hospitals with an average of 300 beds, which represented 9% of acute care hospitals in Japan. This database contains records for 7.4 million individuals who received healthcare services at these hospitals since 2003. 20 21 Subjects in the MDV database can be lost to follow-up. Both databases have been used in multiple studies published in peer-reviewed journals. [22] [23] [24] study design and population This was an observational, retrospective, cohort study. The study design was based on those of the studies by Shea et al 4 and Weycker et al 18 conducted in the USA, and that by Pelton et al conducted in Germany. 25 The study period spanned from 1 January 2006 to 31 December 2014 for the JMDC database and from 1 January 2009 to 31 December 2014 for the MDV database. Adults were included in each yearly cohort if they were aged ≥19 years on the first day of the calendar year and were continuously enrolled over the period from 1 year before to 1 year after 1 January of the calendar years 2007 to 2014 for the JMDC database and 2009 to 2014 for the MDV database. There were no exclusion criteria in this study.
Adults were classified as healthy or having an underlying medical condition based on whether they had the medical conditions of interest during the year preceding 1 January of each calendar year included in the study. If a patient had multiple conditions of interest in the previous year, the patient was assigned to all diagnosed conditions. Subjects without evidence of these conditions were classified as healthy. For each yearly cohort, episodes of pneumococcal disease were identified during the 1-year period from 1 January to 31 December. Multiple yearly cohorts were identified at the beginning of each calendar year during the study period. Subjects who met the inclusion criteria in multiple calendar years were included in corresponding yearly cohorts. The study design is summarised in online supplementary figure 1.
study variables
According to guidelines and recommendations in the USA, England and Japan 5 7 13 14 this study included 11 medical conditions of interest: chronic heart disease, chronic lung disease, diabetes mellitus, chronic liver disease, chronic renal disease, cancer, HIV/AIDS, functional or anatomic asplenia, organ transplantation, alcoholism and cerebrospinal fluid leakage. At-risk conditions included chronic heart disease, chronic lung disease, diabetes mellitus, chronic liver disease and alcoholism. High-risk conditions included chronic renal disease, cancer, HIV/AIDS, functional or anatomic asplenia, organ transplantation and cerebrospinal fluid leakage. 26 Medical conditions were identified by the International Statistical Classification of Diseases and Related Health Problems version 10 (ICD-10) diagnostic codes and/or local disease codes defined by the Ministry of Health,
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Labour and Welfare (MHLW) in Japan. 27 Detailed definitions of each medical condition are described in online supplementary table 1.
Adults were classified as healthy or having an underlying medical condition based on whether they had the medical conditions of interest during the 1-year period preceding follow-up. Adults were classified as having a confirmed medical condition if at least two ICD-10 codes for the condition were recorded in the preceding calendar year. If a patient had multiple conditions of interest in the 1-year period preceding follow-up, the patient was assigned to all diagnosed conditions. Adults without evidence of these conditions were classified as healthy. In addition, adults were classified by the number of medical conditions of interest (0, 1 and 2+ conditions), risk status (healthy, at-risk conditions and high-risk conditions), age (19-49, 50-64 and ≥65 years) and sex (male, female), based on the recommendations for pneumococcal vaccination by the MHLW in Japan, 13 and the recommending bodies in other countries, including the USA, 5 26 England 7 and Germany. 8 Patients with multiple chronic medical conditions were included in all applicable chronic medical condition cohorts. For example, a patient with diabetes mellitus and heart disease in 2007 was included in both the diabetes cohort and the heart disease cohort. This patient, if coded only for heart disease in 2008 (without being coded for diabetes mellitus), was not counted in the diabetes cohort, and thus was counted only in the heart disease cohort of 2008.
Episodes of PP and IPD were identified by the ICD-10 diagnostic codes and/or local disease codes defined by the MHLW in Japan 27 in each calendar year. Episodes were considered distinct if they were separated by an interval of 90 days. 4 PP was defined according to the code of PP alone, the code of pneumococcal bronchitis alone, combined codes of pneumonia and pneumococcal infection at the same day or other codes. IPD was defined according to the code of IPD, pneumococcal sepsis, pneumococcal meningitis or others. Detailed definitions of PP and IPD are described in online supplementary table 1.
statistical analysis PP and IPD rates per 100 000 person-years were calculated for the overall sample and by age, sex, medical condition, number of medical conditions and risk status. Unadjusted rate ratios (RRs) of PP and IPD in adults with and without a medical condition were calculated by comparing the rates of PP and IPD between adults with and those without a medical condition. Multivariate Poisson regression models, with age and/or sex as covariates, were used to determine age-adjusted and sex-adjusted or sex-adjusted RRs of PP and IPD. Analyses were conducted using SAS V.9.3 (SAS Institute, Cary, North Carolina, USA). results Characteristics of the study population A total of 10.4 million individuals, representing 9.3 million person-years of follow-up, were included in the analysis (comprising 6.7 million person-years from the JMDC databases and 2.6 million person-years from the MDV database). In the JMDC database, 78% of adults were aged19-49 years, 20% were aged 50-64 years, 2% were aged ≥65 years and the mean age was 39.6 years. Furthermore, 56% were men, 89% had no medical condition, 3% had two or more conditions, 10% had at-risk conditions and 3% had high-risk conditions. In the MDV database, 18% of adults were aged 19-49 years, 26% were aged 50-64 years, 55% were aged ≥65 years and the mean age was 62.0 years. Furthermore, 46% were men, and 48% had no medical condition, 23% had two or more conditions, 40% had at-risk conditions and 22% had high-risk conditions. Few study subjects with HIV/AIDS, alcoholism, asplenia, organ transplantation and cerebrospinal fluid leakage were identified in both databases. Characteristics of the study subjects from the JMDC and MDV databases are shown in In both databases, PP and IPD rates increased with age. In the JMDC database, the rate of PP increased from 8.3 per 100 000 person-years in adults aged 19-49 years and 21.6-78.0 per 100 000 person-years in adults aged 50-64 years and those aged ≥65 years, respectively. The rate of IPD increased from 0.5 per 100 000 person-years in adults aged 19-49 years and 3.3-4.9 per 100 000 person-years in adults aged 50-64 years and ≥65 years, respectively. In the MDV database, the rate of PP increased from 24.9 per 100 000 person-years to 46.8 and 150.8 per 100 000 personyears in adults aged 50-64 years and those aged ≥65 years, respectively. The IPD rate increased from 1.5 per 100 000 person-years in adults aged 19-49 years and 3.8-5.9 per 100 000 person-years in adults aged 50-64 years and those aged ≥65 years, respectively.
Compared with healthy adults of the same age in the JMDC database, the risk of PP in younger and older adults was highest in patients with chronic renal disease (RR=23.6 (19-49 years); RR=23.7 (≥65 years)), whereas the risk of PP in adults aged 50-64 years was highest in patients with chronic lung disease (RR=12.8). In the MDV database, the risk of PP was highest in patients with chronic lung disease across all age groups compared with healthy adults of the same age (RR=5.6 (19-49 years); RR=6.8 (50-64 years); RR=4.9 (≥65 years)).
Compared with healthy adults of the same age, the risk of IPD was highest in adults with cancer aged 19-49 years and 50-64 years in the JMDC database (RR=206.6 and 26.5, respectively), whereas the risk of IPD was highest in older adults with chronic renal disease (RR=51.3). In Table 1 Characteristics of study subjects from the JMDC and MDV database *Per 100 000 person-years. †Adults ≥75 years were not included in the JMDC database. ‡For risk status, some totals exceed 100% as some patients were included in more than one subcategory. §For medical condition, some totals exceed 100% as some patients had more than one medical condition. IPD, invasive pneumococcal disease; JMDC, Japan Medical Data Center; MDV, Medical Data Vision; NR, not recorded; PP, pneumococcal pneumonia.
Open Access Open Access Open Access Table 4 Rates and RRs of invasive pneumococcal diseases in the JMDC database Risk status Healthy (no condition) Open Access the MDV database, the risk of IPD was highest in young adults with chronic heart disease (RR=18.4), and adults aged 50-64 years and those aged ≥65 years with chronic lung disease (RR=21.4 and 4.7, respectively) compared with healthy adults of the same age. Across all ages, PP and IPD rates were highest in adults with two or more medical conditions. PP rates in adults with two or more underlying medical conditions were 9-17 times and 3-4 times the rate in healthy adults of the same age in the JMDC and MDV databases, respectively. IPD rates in adults with two or more underlying medical conditions were 8-42 times and 4-16 times the rates in healthy adults in the JMDC and MDV databases, respectively. The PP rates in high-risk adults were 10-17 times and 2-3 times the rate in healthy adults of the same age in the JMDC and MDV databases, while the IPD rates were 15-79 times and 3-10 times the rates in healthy adults in the JMDC and MDV databases, respectively.
DIsCussIOn
The Japanese Respiratory Society Guidelines for the Management of Community-Acquired Pneumonia in Adults 14 recommend pneumococcal vaccination for individuals aged 2-64 years who have an underlying medical condition. However, little is known about the real-world burden of pneumococcal disease in Japanese adults with these conditions. This retrospective cohort study used two healthcare databases to evaluate the burden of pneumococcal disease in at-risk adults and adults with high-risk medical conditions to close this data gap in Japan.
Similar to previous research, 4 18 25 the principal findings of our study revealed that adults with an underlying medical condition were at increased risk of PP and IPD, compared with adults without these conditions. This was found among older adults aged ≥65 years and among younger adults aged 19-64 years. Our study also showed that the risk of PP and IPD increased with the number of underlying medical conditions in both younger and older adults, supporting the concept of 'risk-stacking' demonstrated by previous studies. 3 17 18 28 We also found some differences in the conditions that place individuals at increased risk of pneumococcal disease between younger and older adults. While the risk of PP and IPD was highest in older adults with chronic renal and lung diseases, the risk of PP and IPD in adults aged 50-64 years was highest among patients with chronic lung disease and cancer. These results are similar to those of a previous study in which adults with chronic obstructive pulmonary disease were found to have the highest risk of IPD. 28 In adults aged 50-64 years with an underlying medical condition, PP rates in the JMDC database and IPD rates in both the JMDC and MDV databases were higher than the rates in healthy older adults aged ≥65 years, while the same trend was not observed for PP rates in the MDV database. Although pneumococcal vaccination history was not available in the two databases, the pneumococcal vaccination rate was considered low in adults aged ≥65 years during our study period, which ended in 31 December 2014. This is because there was little overlap between our study period and the National Immunisation Programme in Japan, which has provided a subsidy for PPV23 vaccination for adults aged ≥65 years as of 1 October 2014. 13 The influence of the subsidy for PPV23 vaccination on the PPV23 vaccination rate in adults aged ≥65 years was considered marginal during our study period. Thus, our results imply that adults aged 50-64 years with an underlying medical condition may be at a greater risk of pneumococcal disease compared with healthy adults aged ≥65 years.
The 7-valent pneumococcal conjugate vaccine (PCV7) has been routinely used in children in Japan since 2010, although it has been replaced with the 13-valent PCV (PCV13) since 2013. Estimated PCV7 vaccination rates in Japan were reported to be <10% in 2010, 50-60% in 2011 and 80-90% in 2012. 29 Therefore, it is important to consider the potential indirect effect of the childhood PCV programme on RR estimates of adult diseases, because our study spans several years before and after the introduction of the childhood PCV programme. A post hoc analysis to explore rates and RR for PP and IPD before (2010 or earlier) and after (2011 or later) the routine use of PCVs (online supplementary table 2-5) demonstrated that the risk of PP and IPD in adults with an underlying medical condition remained consistently high over both time periods, suggesting that an indirect effect in adults had not yet been observed. Thus, we concluded that the childhood PCV programme did not significantly impact the risk of PP and IPD in adults with an underlying medical condition during our study period.
The rates of PP and IPD were higher in the MDV than in the JMDC database in adults with and without an underlying medical condition across all age subgroups. This may not be surprising given that the two databases are drawn from different adult populations in Japan. Adults in the JMDC database represent a population of younger working adults, while those in the MDV database represent a population in need of healthcare services (ie, hospitalised patients and outpatients). These differences in background characteristics may explain the variation in risk of PP and IPD between the two databases. Thus, the results from either database alone may not be generalisable to the general population of adults in Japan. Nonetheless, results from both databases indicate that both younger and older adults with an underlying medical condition in Japan are at increased risk of pneumococcal disease compared with healthy adults of the same age. The findings observed in Japan are consistent with similar studies conducted in the USA and Germany. 3 17 18 25 limitations This study had some limitations. Regarding the internal validity, using ICD-10 codes to identify medical conditions and episodes of PP and IPD may lead to misclassification. In addition, PP is often undercoded in claims data. Owing Open Access to the limited data availability in the two databases, these analyses did not consider potential confounders other than age and sex, such as pneumococcal vaccination history, residential environment and lifestyle factors, such as smoking and drinking, which might significantly influence the risk of PP and IPD. Regarding external validity, results from only one database cannot be extrapolated to the general population of adults in Japan, as subjects in the two databases may be representative of different adult populations.
COnClusIOn
Adults of all ages with an underlying medical condition, including immunocompetent and immunocompromised adults, are at greater risk of pneumococcal disease, compared with adults without any condition in Japan. This risk increases with the number of underlying medical conditions. Adults aged 50-64 years with an underlying medical condition have a greater risk of pneumococcal disease than adults aged ≥65 years without any condition. Our study findings can help healthcare practitioners and policy makers identify patient groups that are vulnerable to pneumococcal disease and can benefit from pneumococcal vaccination. Adults aged ≥65 years as well as adults aged 60-64 years with a specific medical condition are eligible to receive the subsidy for PPV23 under the National Immunisation Programme in Japan. 13 However, our results support extending the pneumococcal vaccination to younger adults with an underlying medical condition, especially those aged 50-64 years. 
